INTRODUCTION
Majungasaurus crenatissimus is a spectacularly preserved carnivorous dinosaur from latest Cretaceous Madagascar. Computed tomographic (CT) scans reveal unusual internal anatomy of the dinosaur's cranium [1,2; Figure 1 ]: the nasals form a large hollow chamber traversed with bony struts, and a unicorn-like projection of the frontals is also hollow. The wall thickness and struts within these sinuses recall sinuses of giraffes, which strike each other with a median projection (ossicone) above a frontal sinus and lateral ossicones of the parietals [3] . Giraffe-like cranial sinuses, and large attachments for neck muscles [4] , raise the hypothesis that Majungasaurus could engage in giraffe-like head strikes to each other's necks and flanks.
To examine the capability for such behavior, we constructed finite element (FE) models of Majungasaurus and a giraffe, based on computed tomographic (CT) scans. Given many unknowns and the animals' disparate cranial shapes, we apply equivalent forces for meaningful stress comparison.
MATERIALS AND METHODS Geometry reconstruction and material properties
Crania of Majungasaurus crenatissimus, with the palate reconstructed, and a large Giraffa camelopardalis, were CT scanned, segmented and volumetrically meshed in Avizo (Visage Imaging Inc, San Diego) and Mimics (Materialise NV, Leuven), respectively. Meshes consisted of 510k tetrahedra for Majungasaurus and 195k for Giraffa. The models were assigned material properties of compact Haversian bone (Young's Modulus = 10 GPa, Poisson's ratio = 0.35) [5] . Proceedings
Loadcases and constraints
Head-strike loads were simulated as impacts of 1000 N ( Figure  2 ), distributed across nodes of the frontal and parietal ossicones of the giraffe, and the nasals and frontal horn of Majungasaurus. Both models were constrained where neck muscles attach to the parietals and/or supraoccipital at the back of the head.
Linear static analyses were run in Strand7 (Strand7 Pty Ltd, Sydney).
RESULTS
The nasals, nasal sinus struts, and frontals of Majungasaurus experienced similar stress to impact locations in the giraffe under comparable loads (Figure 2 ). Peak von Mises stresses were 8 MPa per 1000 N load in Majungasaurus, and 4 MPa per 1000 N in the giraffe. Stress magnitudes were higher dorsal and ventral to the brain in Majungasaurus. Principal stresses indicated tension on the midsagittal crest of the parietals (Figure 2) , and compression of an interorbital strut that contacts the skull roof (Figure 3) . 
DISCUSSION
During simulated head-strike loads, the braincase of Majungasaurus was susceptible to higher stress than the giraffe's, which is further protected by struts of the parietal sinuses (Figure 1) . The unusual intraorbital strut of Majungasaurus transmits compressive stress from the skull roof to the basicranium. Improvements to the model's palate will yield subtly more authentic stresses. These FE results do not resolve behavior of Majungasaurus, but provide data for testing hypotheses of potential combat modes.
